
OMB No. 0925-0001 and 0925-0002 (Rev. 12/2020 Approved Through 02/28/2023) 

BIOGRAPHICAL SKETCH 
 

NAME: Sean J. Morrison, Ph.D. 

POSITION TITLE: Director, Children’s Research Institute at UT Southwestern Medical Center; 
Investigator, Howard Hughes Medical Institute 

EDUCATION/TRAINING  

INSTITUTION AND LOCATION 
DEGREE 

(if 
applicable) 

Completion 
Date 

MM/YYYY 

FIELD OF STUDY 
 

Dalhousie University, Halifax, Canada B.Sc.  05/1991  Biology and Chemistry  

Stanford University, Palo Alto, CA Ph.D. 06/1996  Immunology  

California Institute of Technology, Pasadena, CA Fellow  08/1999  Neurobiology  

 
A. Personal Statement 

We study the intrinsic and extrinsic mechanisms that regulate stem cell self-renewal (particularly in the 
hematopoietic system) and the role these mechanisms play in cancer (particularly leukemia and melanoma). 
Self-renewal is the process by which stem cells divide to make more stem cells, perpetuating stem cells 
throughout life to regenerate tissues. We discovered a series of key regulators that distinguish stem cell self-
renewal from the proliferation of restricted progenitors in the same tissues. We also identified ways in which 
self-renewal mechanisms change with age, conferring temporal changes in stem cell properties that match 
the changing growth and regeneration demands of tissues. This may explain why the mechanisms that are 
competent to cause cancer also change with age. In terms of cell-extrinsic mechanisms, we identified the 
location and cellular composition of hematopoietic stem cell (HSC) niches in adult bone marrow and spleen, 
and discovered the Leptin Receptor+ perivascular stromal cells that are the major source of factors required 
for HSC maintenance in the bone marrow. The LepR+ cells also include the skeletal stem cells that are the 
major source of osteoblasts and adipocytes in adult bone marrow. We have shown that HSCs are 
metabolically distinct from restricted progenitors in vivo and depend upon metabolic regulation for epigenetic 
control and leukemia suppression. We discovered that distant metastasis by melanoma cells is limited by 
oxidative stress and that successfully metastasizing melanoma cells undergo reversible metabolic changes to 
cope with oxidative stress. We proposed that “pro-oxidant” therapies that exacerbate oxidative stress in 
cancer cells could be used to inhibit cancer progression. 
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B. Positions, Scientific Appointments, and Honors  

2016 – present Kathryne and Gene Bishop Distinguished Chair in Pediatric Research 
2011 – present Director, Children’s Research Institute, University of Texas Southwestern Medical Center 



2011 – present Professor, Children’s Research Institute, UT Southwestern Medical Center  
2011 – present Mary McDermott Cook Chair in Pediatric Genetics, Department of Pediatrics, UTSW 
2008 – 2011 Research Professor, Life Sciences Institute, University of Michigan 
2008 – 2011 Professor, Department of Internal Medicine, University of Michigan  
2005 – 2011 Henry Sewall Professor of Medicine, University of Michigan 
2005 – 2011  Director, University of Michigan Center for Stem Cell Biology 
2004 – 2008  Associate Professor, Department of Internal Medicine, University of Michigan 
2000 – present Investigator, Howard Hughes Medical Institute 
1999 – 2004 Assistant Professor, Department of Internal Medicine, University of Michigan 
1996 – 1999 Postdoctoral scholar in the lab of Dr. David J. Anderson, Caltech 
1991 – 1996 Graduate student in the laboratory of Dr. Irving L. Weissman, Stanford University 
1986 – 1990 President and Director of Endogro Systems Inc. 

Honors and Awards 
2020 Excellence in Postdoctoral Mentoring Award, Postdoctoral Association at UT   
 Southwestern 
2020 Philip Levine Memorial Lecture, Rockefeller University 
2020 Elected member, National Academy of Sciences 
2019 Emily Frederick DiMaggio Lecture, Dana-Farber Cancer Institute 
2018   Keynote Address, American Society of Cell Biology Annual Meeting 
2018   Elected member, National Academy of Medicine 
2018   Lubomir S. Hnilica Lecture, Frontiers in Biochemistry, Vanderbilt University 
2018   Keynote Address, AACR Special Conference on Metabolism and Cancer 
2017 Malkin-Kraft Lecturer, Northwestern University 
2017 Sol Sherry Lecture, International Society for Hemostasis and Thrombosis 
2016 Keynote Address, Keystone Symposium on Stem Cells and Cancer 
2015 President, International Society for Stem Cell Research 
2012 Roy M. Huffington Distinguished Lecture, Baylor College of Medicine 
2009 MERIT Award, National Institute on Aging, National Institutes of Health 
2008 American Association of Anatomists Harland Winfield Mossman Award 
2007 McCulloch and Till Award, International Society for Hematology & Stem Cells 
2006 Detroit News Michiganian of the Year 
2004 Dean’s Award for Basic Science, University of Michigan Medical School  
2003 Wired Magazine Rave Award for Science 
2003 Presidential Early Career Award for Scientists & Engineers, White House 
2002 Named to TR100 list: MIT Technology Review Magazine’s list of 100 young innovators 
2000 – 2003 Searle Scholar 
1997 – 1999 American Cancer Society, California Division, Junior and Senior Postdoctoral Fellowships 
1996 – 1998 Natural Sciences and Engineering Research Council Postdoctoral Fellowship  
1991 – 1996 Howard Hughes Institute Predoctoral Fellowship in Biological Sciences 
1991 Dalhousie University Medal in Biology 
1986 Young Canadians Award for Excellence in Science 

Editorial boards 
2014 – present Cancer Discovery 
2012 – present  Stem Cell Reports 
2012 – present  EMBO Reports 
2012 – 2018  eLife (Senior Editor) 
2012 – 2020  Cancer Cell 
2011 – present  EMBO Journal 
2010 – present  Journal of Experimental Medicine 
2006 – present  Cell Stem Cell 
 
C. Contributions to Science 

Stem cell self-renewal is regulated by networks of proto-oncogenes and tumor suppressors: When I started my 
laboratory in 1999 virtually nothing was known about the molecular mechanisms that regulate stem cell self-
renewal. We developed assays to study self-renewal in hematopoietic stem cells (HSCs) and neural stem cells 



and identified a series of key regulators, revealing several important principles. First, stem cell self-renewal is 
mechanistically distinct from restricted progenitor proliferation. Second, many self-renewal mechanisms are 
conserved across stem cells in different tissues. Third, these mechanisms comprise networks of proto-
oncogenes and tumor suppressors that are dysregulated in cancer: cancer cells tend to hijack stem cell self-
renewal mechanisms to enable tumorigenesis. Fourth, these networks change over time, conferring temporal 
changes in stem cell properties that match the changing growth and regeneration demands of tissues. Fifth, 
tumor suppressor expression increases with age in stem cells, suppressing the development of cancer but also 
reducing stem cell function and tissue regenerative capacity during aging. Finally, stem cells are metabolically 
distinct from restricted progenitors in vivo and depend upon metabolic regulation for epigenetic control and 
cancer suppression. 
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The regulation of temporal changes in stem cell properties, including stem cell aging: Stem cells must undergo 
temporal changes in their properties throughout life to match the changing growth and regeneration demands 
of tissues. Stem cells in fetal tissues proliferate rapidly to support the growth of fetal tissues while stem cells in 
most adult tissues are quiescent most of the time. While stem cells in young adult tissues retain robust 
regenerative capacity, this declines over time in aging tissues. We discovered that networks of heterochronic 
gene products regulate temporal changes in stem cell properties between fetal and adult stages as well as 
during stem cell aging. For example, Hmga2 expression declines while let-7 expression and Ink4a expression 
increase with age, reducing stem cell frequency and function in multiple tissues. By deleting Ink4a from mice, 
we partially rescued the decline in stem cell function with age and enhanced the regenerative capacity of aging 
tissues. Networks of proto-oncogenes and tumor suppressors thus change throughout life to balance tissue 
regeneration with tumor suppression: proto-oncogenic signals dominate during fetal development when tissue 
growth is rapid but cancer risk is low, and tumor-suppressor mechanisms are amplified during aging when 
cancer risk is high. This provides one explanation for why regenerative capacity declines during aging in 
tissues that contain stem cells. 
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The niche for hematopoietic stem cells: We have identified a series of cell-extrinsic mechanisms that regulate 
the maintenance of hematopoietic stem cells (HSCs). We were the first to propose that HSCs reside in 
perivascular niches after discovering SLAM family markers that enhanced the purification of mouse HSCs and 
enabled their localization in the bone marrow and spleen (a). We showed that most HSCs reside adjacent to 
sinusoidal blood vessels in the bone marrow and spleen (a, b, c). We discovered the Leptin Receptor+ 
perivascular stromal cells that express the highest levels of niche factors in the bone marrow (d) and showed 
that these cells and endothelial cells are the major sources of known factors required for HSC maintenance in 



bone marrow (d, e). We also showed that the niche changes in response to injury, with adipocytes becoming a 
major source of factors for HSC regeneration after myeloablation. 
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The identification and regulation of skeletal stem cells in adult bone marrow: The Leptin Receptor+ cells that we 
discovered as a key component of the niche for hematopoietic stem cells (HSCs) include the skeletal stem 
cells that are the main source of new osteoblasts and adipocytes that form in adult bone marrow (a). These 
cells are normally quiescent in adult bone marrow but are activated by diverse injuries, including fractures and 
myeloablation, to increase their production of osteoblasts and adipocytes in the bone marrow (a, b). Most, but 
not all, of the osteoblasts that make an enduring contribution to fracture repair and all of the adipocytes that 
accumulate after myeloablation or during aging in the bone marrow arise from these Leptin Receptor+ cells. 
We discovered a new bone-forming growth factor that is synthesized by Leptin Receptor+ cells and that is 
required for the maintenance of adult skeletal bone mass: Osteolectin/Clec11a (c). Osteolectin acts by binding 

to 111 integrin on the surface of Leptin Receptor+ cells and promoting their differentiation into mature 

osteoblasts. Conditional deletion of either Osteolectin or 11 integrin from Leptin Receptor+ cells leads to 

accelerated bone loss in adult mice, identifying a new regulatory mechanism for the control of adult skeletal 
bone mass. Importantly, the Leptin Receptor+ cells arise in the bone marrow around the time of birth but are 
initially very rare and make little contribution to the formation of growth of the skeleton but are critical for the 
maintenance of the skeleton during adulthood. 
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Melanoma tumorigenesis and metastasis: We developed a xenograft assay in which single melanoma cells 
from patients could form tumors (a). This showed that cells with tumor-forming potential are abundant and 
phenotypically diverse in melanoma, demonstrating that the cancer stem cell model does not apply to some 
cancers (b). Melanomas also spontaneously metastasize in this xenograft model, creating for the first time an 
assay in which metastasis could be studied in vivo. We have used this assay to study the metastatic potential 
of melanomas from more than 150 patients so far and observe that metastatic potential in this xenograft assay 
correlates with metastatic behavior in patients: stage III melanomas that form distant metastases in patients 
also metastasize widely in NSG mice (efficient metastasizers) while stage III melanomas that do not form 
distant metastases in patients metastasize more slowly in NSG mice (inefficient metastasizers). We used this 
xenograft model to characterize the mechanisms that regulate distant metastasis, discovering that cancer cells 
experience a dramatic increase in oxidative stress during metastasis, leading to the death of most 
metastasizing cells (c). The rare melanoma cells that survive during metastasis undergo reversible metabolic 
changes that confer oxidative stress resistance (c). In fact, intrinsic metabolic differences among melanomas 
confer differences in metastatic potential (d). We proposed that “pro-oxidant” therapies that exacerbate 
oxidative stress in cancer cells could be used to inhibit cancer progression (c, d). 
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